Introduction
In 1898, subfossil material of a crocodylian from the late Pleistocene Madagascan locality of Sirab, North Betsileo (today Antsirab; Fig. 1 ) was purchased for the Museum fçr Naturkunde in Berlin. The material comprises cranial and lots of postcranial material of at least three individuals, and had been labelled as "Crocodylus robustus " Grandidier & Vaillant, 1872 . The taxon "Crocodylus robustus" was revised by Brochu (2007) as having a closer phylogenetic relationship to the genus Osteolaemus (the extant African dwarf crocodile) than to extant Crocodylus. Consequently, the taxon was renamed as Voay robustus (Grandidier & Vaillant, 1872) (Brochu 2007) . Presumably because of the absence of a published record about the material in the Museum fçr Naturkunde and the absence of a catalogue entry for this specimen, Brochu was not aware of the existence of this material in Berlin and did not include it into his revision. In 2009, Bickelmann & Klein finally described the material and could convincingly demonstrate that it belonged to the horned crocodile Voay robustus. After an inventory of the crocodylomorph material in the vertebrate collection it turned out that three of the figured bones by Bickelmann & Klein (2009, figs 6G-H, J) Description Right humerus MB.Ma. 51338. This element was originally described as an unnumbered crocodylian metacarpal by Bickelmann & Klein (2009, p. 19) . The absence of proximal and distal epiphyses on this bone demonstrates that it does not belong to a crocodylian, but to a mammal. The bone differs also from a crocodylian metacarpal in bearing a distinct proximal crest (deltoid crest, see below), which generally does not occur in crocodylian metacarpals. The distal part of the diaphysis of this bone has a complex morphology with a semicircular prominent posterior depression (olecranon depression, see below), whereas the distal dia-and epiphysis of the metacarpals in crocodylians is spoolshaped with a distinct circular impression on each lateral side.
Instead, the morphology of the bone allows its determination as a right humerus of Hippopotamus. The humeral head and the distal epiphysis (trochlea) are not attached, which indicates that the bone belongs to a very young animal. The shaft of the humerus is slightly twisted, as usual for hippopotamuses (e.g., Kahlke 1997) . A prominent deltoid crest is developed on the upper half of the anterolateral face of the shaft ( Figs  2A, B ). The proximal surface shows a roof-like shape. A deep olecranon depression is developed on the posterior side of the distal end. At the anterior side of the humerus, a larger coronoid depression (medially) and smaller radial depression (laterally), both oviform in outline with a rough surface, can be distinguished. The distal end of the shaft has a slightly triangular outline. The measurements are as follows: length 109.5 mm; proximal width 42.4 mm; distal width 43.8 mm.
Right radius MB.Ma. 51336. This element was described as a second unnumbered crocodylian metacarpal by Bickelmann & Klein (2009, p. 19) . Like the right humerus described above, the absence of a distal epiphysis on this bone is evidence that it does not belong to a crocodylian. The proximal epiphysis is fused to the shaft and possesses two distinct facets, which differ remarkably from the simple, subrounded proximal articular surface of a crocodylian metacarpal. The distal part of the diaphysis again shows no similarities with the spool-shaped distal part (diaphysis plus fused epiphysis) of the metacarpals of crocodylians.
This element is identified as a right radius of a Hippopotamus. The radius is a straight bone with a narrow shaft and expanded proximal and distal extremities. The proximal epiphysis is fused, whereas the distal epiphysis is not preserved, therefore the bone must belong to a subadult individual. The proximal articular surface laterally has a kidney-shaped trochlear facet and medially a nearly triangular radial facet. Both articular facets are slightly depressed and have a smooth surface.
A prominent and rough bicipital tuberosity with the size of a thumbnail is developed below the trochlear facet at the anterolateral face of the radius shaft.
In posterior view the shaft bears a long and slightly depressed upper and lower ulnar articulation surface, separated from each other by a short interosseous border. The outline of the preserved distal end of the diaphysis is somewhat oviform ending in a medially upward bending process for the articulation with the ulna. The measurements are as follows: length 127.7 mm; proximal width 51.0 mm; distal width 51.1 mm.
Left radius MB.Ma. 51337. Bickelmann & Klein (2009, p. 19) described this bone as a crocodylian phalanx. Crocodylian phalanges have, like the metacarpals, a bilaterally symmetric, spool-shaped distal extremity with typical circular lateral depressions. In contrast, this radius has a highly unsymmetric distal extremity with an upward bending process but without lateral depressions. Furthermore, the proximal articular surface of a crocodylian phalanx is subcircular with a median impression in the pes and sub-oval and slightly convex in the manus. None of these morphologies are present in the proximal extremity of the preserved bone. Both proximal and distal epiphyses are absent on this radius. The fact that epiphyses could be developed exclude this element from the Crocodylia.
Instead, this bone represents a left radius of a Hippopotamus. The absence of epiphyses indicates that the radius belongs to a juvenile specimen. The distal and proximal ulnar articulation facets on the posterior side are clearly visible. The interosseous border is a sharp margin situated in front of the ulnar facets and extending over the entire shaft length. The bicipital tuberosity is less prominent than in the above described radius. Compared to the proportions of the humerus, this radius may belong to an individual of nearly the same growth stage. The measurements are as follows: length 77.8 mm; proximal width 37.5 mm; distal width 37.3 mm.
Discussion
The limb bones redescribed here undoubtedly belong to extinct dwarf hippopotamuses, which are well known from the Quaternary deposits of Madagascar (e.g., Filhol 1895; Forsyth Major 1902a; Joleaud 1923; Stuenes 1989) . Two subfossil dwarfed hippopotamuses are known from Madagascar: Hippopotamus lemerlei Grandidier in Milne Edwards, 1868 and Hippopotamus madagascariensis Guldberg, 1884. In a substantial contribution, Stuenes (1989) thoroughly described the morphological differences between these species and provided detailed diagnoses. A third extinct Madagascan species, Hippopotamus laloumena Faure & Gurin, 1990 , was proposed by Faure & Gurin (1990) on limited evidence and a size close to the smallest Hippopotamus amphibius Linn, 1758. Its dissimilarity from Hippopotamus amphibius needs to be clarified. Morphologically, the preserved bones cannot be determined to species level. Both dwarf hippopotamuses from Madagascar, Hippopotamus madagascariensis and Hippopotamus lemerlei, can only be separated by characters of the skull and the lower jaw (Stuenes 1989) .
The bones in question could tentatively be assigned to the species H. madagascariensis based on the knowledge of the geographic distribution of the dwarf hippopotamuses on the island Madagascar. Hippopotamus lemerlei is predominantly documented from the southwestern coastal areas, whereas Hippopotamus madagascariensis is known from the central mountain range at heights of about 1,200 m (Stuenes 1989, fig. 1 ). This is where the fossilised limb bones from the collection of the Museum fçr Naturkunde in Berlin came from.
All three limb bones presented here (humerus, radii) unquestionably belong to immature animals. The epiphyses are not fused, except the proximal extremity of the right radius. Furthermore, the radius and ulna become fused during adulthood, which is not the case here. The two radii belong to animals of different size, whereas the left radius and the humerus belong to animals of similar size or even to the same individual.
Pygmy or dwarf hippopotamuses represent common faunistic elements in the limited ecosystems of several islands in the Quaternary, especially in the Mediterranean Sea, like Sardinia (Sondaar et al. 1986 ), Sicily (Bonfiglio & Insacco 1992) , Malta (Marra 2005) , Crete (Kuss 1975), and Cyprus (Forsyth Major 1902b) . These dwarf forms are interpreted as having probably derived from African Hippopotamus amphibius-populations (Kahlke 1990; Boisserie 2005) . Hippopotamuses from Madagascar became completely extinct about 900 years ago (MacPhee & Burney 1991) .
The extinction of the dwarf island forms was probably caused by late Pleistocene climatic changes and its aftermaths and by human influences in the late Holocene (Dewar 1984; Burney et al. 2004) . A cypriote locality discovered in 1980 at the Akrotiri peninsula, for example, revealed over 200,000 accumulated bones and bone fragments of the pygmy hippopotamus Phanourios minutus and the pygmy elephant Elephas cypriotes (Hadjisterkotis & Reese 2008) . They were found accompanied with numerous artefacts -manipulated bones are the evidence for a butchery by humans which populated Cyprus 10,000 years ago. Simmons (1988) and Diamond (1992) considered the colonisation and expansion of humans as the main reason for the decimation and extinction of the dwarf hippopotamuses in general, which would have been a conspicuous prey, easy to locate and to kill. Many islands did not have animals sufficient in size and quantity to offer permanent food for a hunter-gatherer population. The rate of reproduction of the dwarf mammals is low, and after their extinction the hunting population was reduced. An ecological equilibrium could not have been established and continuous human settlement remained (Sondaar et al. 1986 ).
Similar reasons for extinction have also been considered for the crocodylian Voay robustus by Brochu (2007) . In contrast, Bickelmann & Klein (2009) favour an extinction scenario for Voay by habitat changes and possible modifications in the availability of prey items, and argue against a co-existence of Voay and Crocodylus on Madagascar. However, although there is currently no cranial evidence for such a co-existence within the fossil record, it might well be possible that similar/overlapping morphologies in the postcranium of these taxa hitherto prevented identification of Crocodylus in these deposits. Therefore, until careful comparisons reveal morphological differences in the postcranium of both genera, coeval existence of Crocodylus with Voay cannot be convincingly excluded. A displacement of Voay by the extant Crocodylus niloticus as another reason for the extinction of this taxon can also, therefore, not be excluded.
